BACKGROUND/OBJECTIVES: Several studies have suggested differential health effects in relation to different meat composition in Western population. The purpose of the study was to examine secular trends in meat and seafood consumption patterns among Chinese adults between 1991 and 2011. SUBJECTS/METHODS: Our longitudinal data are from 21 144 adults aged 18-75 in the China Health and Nutrition Survey, prospective cohort study. We assessed the intakes of meat and subtypes with three 24-h dietary recalls. We conducted multilevel mixed-effect logistic and linear regression models to examine meat consumption dynamics. RESULTS: The proportions of Chinese adults who consumed red meat, poultry and seafood increased from 65.7% in 1991 to 86.1% in 2011, from 7.5 to 20.9% and from 27.4 to 37.8%, respectively. With rapid decrease in meat intakes since 2009, the intakes of total meat, red meat, poultry and seafood among their consumers were 86.7 g/day, 86.4 g/day, 71.0 g/day and 70.3 g/day in 2011, respectively, which were just slightly higher compared with those in 1991. Fatty fresh pork has been predominantly component of total meat overtime, which consituted 54.0% of total meat intake, 80.0% of fresh red meat intake and 98.7% of fatty fresh red meat intake in 2011. CONCLUSION: Over the past two decades, meat consumption patterns of Chinese adults have been characterized by having a predominant intake of fatty fresh pork, suboptimal intakes of seafood and increased proportion of adults having excessive intakes of red meat and poultry overtime.
INTRODUCTION
Over the past two decades, there has been increasing concern over the role of total meat in chronic disease risks worldwide. [1] [2] [3] Recently, many studies in developed countries focused on the dynamics of meat consumption patterns, rather than only total meat intake, because individual meat sources are thought to have differential health benefits and risks. [4] [5] [6] Excessive red meat intake has been associated with certain chronic diseases such as obesity, 7-9 cardiovascular disease, 10,11 diabetes, 10,12 stroke 10, 13 and certain cancers. 11, [14] [15] [16] [17] However, more compelling evidence demonstrated that processed meat, rather than fresh red meat, appeared to be responsible for the elevated risks of chronic diseases. 13, [18] [19] [20] In contrast, fish and certain types of seafood are generally thought to protect from chronic diseases because of their nutrient contents rich in monounsaturated and essential polyunsaturated fatty acids. 21 Since the early 1990s, China has experienced a rapid socioeconomic, environmental and nutrition transition; the emerging rise in obesity and related chronic diseases has been a major public health concern in China, especially in the most recent decades. [22] [23] [24] [25] [26] Changes in Chinese diets have been characterized by large shifts toward decreased intakes of coarse grains, vegetables and legumes and increased intakes of total meat and other animal source foods, edible oils, sugars and caloric sweeteners. 22, 23, 27 However, no study to date has assessed the long-term dynamics of meat and seafood consumption patterns characterized by quantity and type of meat sources in Chinese adults, whereas meat patterns may have a more complex role in the double burden of nutrient deficiency and obesity-related chronic diseases that China has experienced.
Using longitudinal data from the China Health and Nutrition Survey (CHNS), the objectives of this study were to examine the trends in meat and seafood consumption patterns with an emphasis on red meat (fatty versus lean red meat) consumption among Chinese adults aged 18-75 between 1991 and 2011 and to investigate the differences in consumption patterns across sociodemographic factors.
SUBJECTS AND METHODS

Study population
All data used in this study were derived from the CHNS, an ongoing longitudinal study. The CHNS was initiated in 1989, with a focus on assessing the relationships between the social and economic transformation in China and the resulting effects on the health and nutritional status of the Chinese population. 28 The CHNS used a multistage, random cluster process to draw the sample from the original eight provinces, and communities were selected randomly as the primary sampling units. The sampling procedure has been described in detail elsewhere. 29, 30 Such sampling reflects the hierarchical data structure of the CHNS: measurement occasions (level 1) for individuals (level 2) nested in communities (level 3).
The analysis at hand was based on eight waves of survey data between 1991 and 2011, given that population composition in the 1989 survey consisted only of young adults. Of all the participants aged 18-75 who had complete socio-demographic and dietary data, we excluded pregnant or lactating women(n = 1126), those having implausible energy intake (n = 1231, o800 kcal or 46000 kcal for men and o 600 kcal or 44000 kcal for women) and those having total meat intake greater than 500 g/day (n = 507). The current analysis therefore consists of 21 144 participants (10 247 males; 10 897 females) clustered in 239 communities, resulting in 69 122 total responses in the eight survey years.
The protocol of the survey was approved by the institutional review committees of the University of North Carolina at Chapel Hill and the National Institute of Nutrition and Food Safety, Chinese Center for Disease Control and Prevention. All subjects gave written informed consent for their participation in the survey.
Dietary measures
Dietary intake at the individual level was assessed by using 24-h dietary recalls from three consecutive days (2 weekdays and 1 weekend day) in each wave of CHNS. Interviewers were trained in standard forms for 24-h dietary recall administration conducted in the household interview. The participants were asked to report the types and amounts of all food and beverage items (measured in grams) that had been eaten both at home and away from home on a 24-h recall basis. 31 For mixed dishes, the participants reported the amount of each ingredient involved in them, except seasonings and edible oil. The average intakes of meat and subtypes from the three 24-hour recalls were calculated for each individual.
Meat and subtypes grouping The meat grouping system was based on the China food composition table. 32 Figure 1 provides an overview of summarized subgroups within the total meat category. The total meat category consisted of red meat, poultry and seafood. Red meat is defined as pork, beef, mutton and their products. Fresh red meat included all fresh muscle and organ meat that had not been treated, whereas processed red meat included the products of red meat that had undergone treatment (such as various sausages, salami, ham, luncheon meats, etc). We further divided fresh red meat into fatty fresh red meat (⩾10 g fat/100 g of edible fresh red meat) and lean fresh red meat ( o10 g fat/100 g of edible fresh red meat) on the basis of the food grouping system developed by Barry M. Popkin et al. 33 The definition of meat consumption patterns, meat consumers and consumption rate Meat consumption patterns are characterized by the quantity and quality of total meat and meat subtypes--that is, the proportion of meat subgroups. Over a 3-day period in each wave of the CHNS, an individual is defined as a meat consumer if any type of meat was consumed during that time period and was further defined as a meat subtype-specific consumer if corresponding meat subtypes were eaten. Consumption rate is defined as proportion of participants consuming meat and subtypes.
On the basis of the Chinese Dietary Guidelines (CDG)' recommendation 'consume moderate amounts of fish, poultry, eggs and lean meat', 34 the Chinese Food Guide Pagoda recommends 50-75 g/day of red meat and poultry, and 75-100 g/day of seafood, which varies depending on six established energy requirement levels for Chinese adults. 34 Higher intakes of red meat and poultry were determined and assessed in comparison with the energy level-specific recommended values. 34, 35 Assessment of socio-demographic factors Socio-demographic variables include age, gender and income level. We calculated per capita annual family income by dividing annual family income by household size. We inflated the per capita annual family incomes in each survey to 2011 values by adjusting for the consumer price index and then divided them into tertiles (low, medium and high).
The community urbanicity index, a complex measure of urbanization, is based on 12 multidimensional components reflecting economic, social, demographic and infrastructural diversity at the community level. 36 This variable is a continuous time-varying index and presented as tertiles in our analyses.
Statistical analysis
We constructed three-level logistic random intercept regression with survey years (level 1) nested within individuals (level 2) nested in communities (level 3) to assess secular trend in the likelihood of consuming each type of meat. Using the fitted logistic models, we also estimate the adjusted consumption rate overtime by meat subtypes. Next, we performed three-level linear regression models to evaluate longitudinal change in amount of each type of meat among the meat subtype consumers overtime.
Finally, we analyzed the changes in the components of total meat among meat consumers in 1991, 2000 and 2011 and also assessed the proportion of adults whose intakes of red meat and poultry or seafood met the corresponding recommendations in all participants, respectively.
All statistical tests were two-tailed, and we regarded differences as significant at Po0.05. We fitted longitudinal models using the XTMIXED and GLLAMM programs in Stata/SE (Intercooled STATA, version 12.0, StataCorp, TX, USA).
RESULTS
Secular trends in consumption rates of total meat and subgroups between 1991 and 2011 There were significant differences in age group distribution across the survey years ( Table 1) .
The likelihood of consuming each type of meat in Chinese adults showed significantly increased trend over time after controlling for the socio-demographic factors ( Table 2 ). The proportions of adults who consumed red meat, poultry and seafood increased from 65.7% in 1991 to 86.1% in 2011, from 7.5 to 20.9% and from 27.4 to 37.8%, respectively. The proportion of adults consuming fatty fresh red meat was twice the proportion of adults consuming lean fresh red meat in 2011(75.1% versus 30.8%) ( Figure 2 ). The adjusted consumption rate of processed red meat increased slowly from 3.0% in 1991 to 7.0% in 2011 (data not shown).
Secular trends in daily intakes of total meat and subgroups between 1991 and 2011 The intakes of total meat and subtypes among their consumers showed generally increased trend with fluctuation between 1991 and 2009 and then reduced rapidly. Slightly higher compared with those in 1991, the intakes of total meat, red meat, poultry and seafood among the consumers were 86.7 g/day, 86.4 g/day, 71.0 g/day and 70.3 g/day in 2011, respectively (Table 3) .
Changes in components of total meat consumption among meat consumers Figure 3 illustrats the contribution of individual meat subgroups to total meat intake among meat consumers in 1991, 2000 and 2011. The proportion of lean and fatty fresh red meat decreased by 2.8 and 6.3 percentages points, whereas the proportion of poultry and seafood increased by 6.4 and 2.2 pencentage points, respectively. Analyzing fatty fresh red meat groups in greater depth, fatty fresh pork has been predominantly component, which consituted 54.0% of total meat intake, 80.0% of fresh red meat intake and 98.7% of fatty fresh red meat intake in 2011, whereas fresh beef and fresh mutton were both extremely low proportion.
Comparison with the recommended intake by CDG In general, the proportion of adults who met energy-specific red meat and poultry recommendations increased steadily from 40.0% in 1991 to 55.1% in 2009 and then decreased slightly to 50.6% in 2011; there were about 26.7% of adults consuming red meat and poultry above 125 g/day in 2011. The proportion of adults whose fish intake met the recommendation was only 13.5% in 2011, despite a slow increasing trend overtime (data not shown).
Demographic determinants of meat and seafood consumption patterns As shown in Table 2 , male or younger adults tend to have significantly higher consumption rates of all types of meat. Adults with high income or living in high urbanicity communities most likely consume any type of meat.
In respect to amounts of meat intake, higher urbanicity was associated with increased fatty fresh red meat intake (2.82 g/day; 95% confidence interval: 0.09-5.55) and decreased poultry intake (−6.63 g/day; 95% confidence interval: − 10.45 to − 2.81). Positive association of high income was observed with each type of meat (Table 3) .
DISCUSSION
This study investigated the 21-year dynamics of meat and seafood consumption patterns and variation across demographic groups in Chinese adults using data from the CHNS. During the period of 1991-2011, the consumption rates of meat and meat subtypes among Chinese adults had been on the rise. However, the proportion of Chinese adults consuming poultry or seafood was still low (20.9% versus 37.8%). Among meat consumers, fatty fresh pork had been the predominant component consituting over half of total meat intake, four-fifth of fresh red meat intake and almost single source of fatty fresh red meat intake in 2011. Because of the big decrease in the intakes of meat and subtypes between 2009 and 2011, the current average intake of total meat among consumers was 86.4 g/day, only slightly higher compared with those in 1991(83.0 g/day). Rapid increase in the price of meat and seafood in 2011 may be one possible explanation for such a big reduction in meat intakes. The Consumer Price Index of red meat and poultry and seafood in 2011 increased significantly, much higher compared with that in 2009 (122.6 versus 91.3 and 112.1 versus 102.5, respectively). 37 Andreyeva et al. 38 found that meat, with the highest price elasticity, is most responsive to price changes. Green et al. 39 suggested greater reductions in food consumption because of increased price in poor countries and a 1% increase in the price of meat results in reductions in consumption of 0.78% and 0.60% in low-and high-income countries, respectively.Moreover, low-income households will be the most affected by increased prices. 39 About two-thirds of participants in our study were sampled from lower income rural communities who might be most responsive to rapid increase in meat price and subsequently reduced or consumed no meat intake over a 3-day period in 2011. However, the observed decreased trends in meat consumption of Chinese adults in 2011 and potential influence of price fluctuation warrant further investigation. The CHNS will conduct a new wave of survey in 2015 that will allow us to keep track on the following trends in meat consumption patterns in Chinese population. Lack of uniform definition of total meat and subtypes, especially red meat, makes comparion across studies difficult. Our study defines red meat as pork, beef and mutton, which is relatively similar to the definition used by USA and some European coutries. [4] [5] [6] In general, Chinese meat consumption patterns are different from the Western populations including lower intake of total meat and red meat with extremely higher proportion of fatty pork and lower beef intake. It has important health implication given threshold effect of total meat and subtypes on disease risk and different fatty acid composition between pork and beef, and between fatty and lean red meat.
Several studies suggest that processed red meat, not fresh red meat, is related to increased risks of certain chronic diseases. 18, 19 Thus, separate analysis of processed and fresh red meat consumption has important public health implications. The present study found that less than 10% of Chinese adults consumed processed red meat, which constituted only 3.1% of total meat intake in 2011. In a comparison of 22% of total meat consumed as processed in the USA, 4 Chinese processed red meat consumption may not be of concern at the moment, but the rising trend in intake should be monitored given its important role in chronic disease risk. CDG, revised in 2007, emphasize the importance 'eating moderate amounts of fish, poultry, eggs and lean meat for healthy adults'. 34 In line with the guidelines, the Chinese food guide Pagoda recommends 50-75 g/day of red meat and poultry meat and 75-100 g/day of seafood varying depending on individual energy requirement levels. 25 We found that about one-fourth of Chinese adults consumed red meat and poultry higher than 125 g/day in 2011. It is of concern given that several studies in China have suggested the potential risk of red meat consumption on obesity, 40 diabetes 12 and mortality. 41 In addition, there were only 13.6% of adults meeting the recommended seafood intake. Fish and other type of seafood are generally thought of as being major source of high-quality protein and protective factors against certain chronic diseases, 21 It is therefore essential to take effective strategies to advocate optimal intake of seafood as substitutes for red meat.
With regard to the current Chinese meat-related recommendations, several issues need to be considered. First of all, it is important that the Chinese Food Guide Pagoda provides the recommended intakes of red meat and poultry separately, given their differential impact on health outcomes; second, it appears appropriate for the Chinese Food Guide Pagoda to address emphasis on the intake of lean fresh meat as CDG do. Another issue regarding the absence of processed meat recommendations in the CDG should be taken into consideration, so an intake level could be established and serve as a basis for making food choices. In respect of meat intake, the CDG and Chinese Food Guide Pagoda were originally designed based predominantly on Chinese dietary practices, present nutritional status and some general knowledge related to maintaining a healthy diet, unlike Western guidelines that are developed on the basis of scientific evidence of meat-disease relationship. In this regard, large prospective studies in the Chinese context are needed to investigate the effect of total meat and meat subtype consumption on health outcomes. The recommended value of red meat by CDG is generally lower than that by Western dietary guidelines, such as consuming red meat sparingly by the Harvard Healthy Eating Pyramid, 42 consuming an average of 71.4 g/day of cooked red meat (beef and pork) and processed meats by the World Cancer Research Fund. 43 The recommended red meat intake of Chinese adults should take into account its two aspects of health benefit and risks, on the one hand, its contribution to intakes of essential nutrients and on the other hand, its associated risk of chronic diseases, in order to fight the double burden of under-and overnutrition that China has experienced over recent decades. 22, 24 To the best of our knowledge, this study is the first to examine the 21-year dynamic shifts in meat consumption patterns with an emphasis on the intakes of fatty and lean fresh red meat among Chinese adults in depth. A major strength of this study is the use of trained interviewers who administered three consecutive 24-h recalls to assess meat intake. Twenty-four hour dietary recalls capture extensive and complete information on all foods consumed as well as ingredients within mixed dishes, allowing accessibility to the intakes of individual meat and processed red meat sources to provide more accurate data and analyses. Further, multilevel mixed-effects modeling contributed to more precise estimates of longitudinal changes in meat and subtype consumption due to its ability of maximum use of unbalanced longitudinal data and handling dependence of individual nested in the same communities. 44, 45 Our study also encountered some limitations. Twenty-four hour dietary recall method cannot generally evaluate usual dietary intake, but the average intake from three 24-h dietary recalls can reduce random variation and provide estimates close to usual meat consumption. 46 As well, each round of the CHNS was conducted between the months of August and November, so dietary data may not reflect seasonal changes in meat consumption. In addition, some studies found that the cooking and trimming of visible fatty tissue considerably decrease the fat content, 47 our definition of fatty versus lean fresh red meat based on fat content of uncooked meat may be susceptible to misclassification. However, there is lack of related information to fully assess this point. Besides, total meat consumption did not account for meat present in fast foods because of limited availability of current China food composition tables. However, this limitation likely did not have substantial influence on the results because Chinese fast food intakes are still relatively low.
In conclusion, this large 21-year longitudinal prospective study confirmed an upward trend in consumption rates of meat subtypes in Chinese adults aged 18-75 years. Slightly lower compared with those in 1991, the average intakes of red meat, poultry and seafood among their consumers were 86.4 g/day, 71.0 g/day and 70.3 g/day in 2011, respectively. Meat patterns of Chinese meat consumers were characterized by predominant intake of fatty fresh pork, suboptimal intake of seafood, and increasing proportion of adults having excessive intakes of red meat and poultry overtime. Findings from this study will enhance our understanding of the potential role of meat consumption patterns in the double burden that China has faced over the past two decades.
